examined the optical resolution abilities of Narylidenechitosan phenylcarbamate derivatives ( Fig. 1) to alcohols, oxiranes and carbonyl compounds having aromatic rings (Fig. 2 ), using the derivatives as the CSP. The phenylcarbamates of N-salicylidenechitosan (1) and N-(1-naphthylmethylidene)chitosan (4) showed highresolution capabilities.
Experimental
Chitosan (100% deacetylation) was kindly supplied by Katokichi Co., Kagawa, Japan. The NV arylidene derivatives of chitosan were prepared according to the method of Hirano et al.6 Phenylcarbamates 1-4 were synthesized by the reaction of N-arylidenechitosans with excess phenyl isocyanate, according to Okamoto et al.4 , purified by Soxhlet extraction with methanol, and then dried in vacuo. The IR spectra of the phenylcarbamates were characterized by a C=N stretching band at 1630 -1648 cm 1 and a strong C=0 stretching band at 1735 -1740 cm-1. The degree of substitution for imino groups was 0.88 -0.92 when calculated on the basis of the C/N ratio in elemental analyses ( Table 1) . The hydroxyl or amino groups of polysaccharides react nearly quantitatively with phenyl isocyanate.4'' The calculation was thus based on the assumption that the hydroxyl groups of chitosan are completely converted to carbamate moieties and that the remaining amino groups are also quantitatively converted into urea bonds.
The phenylcarbamate derivatives (0.3 g) were dissolved in tetrahydrofuran and adsorbed on macroporous silica gel (Fuji-Davison 1000A-IOD, particle size: 10 µm, pore size: 100 nm, 3.0 g) which had been treated with dichlorodiphenylsilane.
The packing materials were packed in stainless-steel columns (250X4.0 mm i.d.) by a slurry method. The HPLC system comprised a Hitachi L-6000 pump, a Hitachi L-4000 UV detector, a Rheodyne 7125 syringe-loading sample injector valve (20-µ1 loop) and a Shimadzu C-R4A integrator. Chromatographic analyses were carried out at a flow rate of 0.5 ml min 1 at ambient temperature using either hexane, or a hexane/ 2-propanol mixture, as the mobile phase. The dead time (to) of chromatography was estimated with 1,3,5-tri-tbutylbenzene as a non-retained compound.8 Results 
and Discussion
The results regarding the optical resolution of racemic compounds 5 -16 on 1 are summarized in Table 2 , where ki is the capacity factor of the first-eluted enantiomer, estimated as the (retention time of the enantiomer-to)/ to; a is the separation factor, the ratio of the capacity factor for the second-eluted enantiomer to ki . Typical chromatograms are shown in Fig. 3 . CSP 1 showed a high optical resolution ability for oxiranes 5 and 6 and alicyclic alcohols 11 and 12, having rigid structures which may be favorable for chiral discrimination. For acyclic alcohols 7 -9, the ki decreased; contrarily, a increased with an increase in the alkyl chain length. It thus seems likely that a steric Table 2 Chromatographic resolution of racemates 5 -the phenylcarbamate of N-salicylidenechitosan (1) 16 on a. A, hexane; B, propanol (98 : 2).
hexane/2-propanol (99:1) ; C, hexane/2- hindrance of the alkyl groups interfering with an interaction between the CSP and the solutes works to the advantage of chiral discrimination of the CSP. A greater steric hindrance, however, led to a lowering of the discrimination, as can be seen in a smaller a value for 10 having a branch methyl group. In Table 3 are summarized the results of the optical resolution on 2 -4. Racemic compound 13 was resolved on 2 and 4 with high efficiencies; it was not resolved on 3 and was insufficiently resolved on 1 ( Table 2 ). The 0-phenylcarbamoyl groups at the 2 positions of the 1V arylidene groups of 1 and 3 possibly prevent access of the racemate (having a bulky anthryl group) to the chiral field on the polysaccharide backbone. This is supported by the fact that in the cases of 2 and 4, a more polar mobile phase (hexane/ 2-propano1=90 :10) was needed to allow 13 to elute from the column. Interestingly, in these resolutions of 13 the (+)-isomer was eluted first, contrary to the elution order on the tris(phenylcarbamoyl) derivative4, although the reason for this is not yet clear.
The optical resolution ability of 2 was quite lower than that of 1, except for the resolution of 13. Okamoto et al.9"0 have suggested that high chiral recognition abilities of the tris(phenylcarbamate) derivatives of cellulose and amylose result, in the first place, from their regular highorder structures in which hydrogen bonds formed between 2-3 carbamate groups and 2-6 carbamate groups contribute to the fixation of the adjacent glucose units. In analogy with the cases of the tris(phenylcarbamate) derivatives, the high resolution ability of 1 appears to be attributed to a contribution of the phenylcarbamoyl groups on the salicylidene moieties to the fixation of the adjacent glucosamine units through hydrogen bonding to adjacent carbamate groups at the 3 and 6 positions of the glucosamine units.
CSP 4, in which the benzylidene groups in 2 are replaced by 1-naphthylmethylidene groups, also exhibited a high optical resolution ability comparable to that of 1. As can be seen from the very low a values for 3, however, concurrent introduction of the naphthylmethylidene groups and the phenylcarbamoyl groups at the 2 positions of the naphthyl groups resulted in a poor resolution ability, though separate introduction of them enhanced the resolution ability.
It should be noted that in spite of the presence of the imino groups susceptible to hydrolysis, the columns packed with these chitosan derivative CSPs were not damaged at least for 2 months by the mobile phases used. 
